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SUMMARY

The purification of natural products can be achieved by various techniques, including
single- and multi-column liquid chromatography. However, the development of
efficient, fast and cost-effective methods for the purification of natural products
from samples such as natural extracts remains a difficult and challenging task due
to the complexity of the matrix. In contrast to conventional purification methods
such as distillation, preparative chromatography uses less energy, consumes less
water and chemicals while achieving higher yields'.

In this application, a SMB (Simulated Moving Bed) process for the purification
of CBD (cannabidiol) from a CBD-rich cannabis extract was established. First, a
sample preparation was carried out, followed by preliminary tests on the analytical
system to design the starting parameters for the SMB process. Subsequently,
different separation runs were tested on the SMB system to determine the optimal
separation parameters. The SMB process enabled the purification of approximately
2 g CBD/day with a recovery of 81 % and purity of 93 %.

INTRODUCTION

The increasing usage of liquid chromatography for
purification of compounds from natural sources has
resulted in the development of continuous purification
processes such as SMB chromatography. This process can
achieve higher productivity with better purity and less
solvent consumption when compared to conventional

batch processes. The SMB process was first developed in
1961 by Broughton and Gerhold through the coupling
of chromatographic columns2. Originally, the process
was designed for several large-scale separations that
were particularly difficult to perform using conventional
techniques in the petrochemical and sugar industries?.
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Today, SMB chromatography is increasingly used as a
separation technique in the pharmaceutical industry and
in the production of fine chemicals3. Depending on the
economics of the separations, SMB chromatography
can offer several advantages over conventional batch
chromatography. For example, continuous circulation
operation can save eluent and increase productivity3.
The SMB process was developed from the theoretical
concept of true moving bed chromatography*. This
simulates a continuous countercurrent movement of the
solid phase to the mobile phase, which makes it possible
to separate mixtures of substances continuously and
extract them into two fractions®.

Here, SMB was used to purify CBD from a CBD - rich
cannabis extract in RP mode using ethanol / water
mixture as solvent.

SAMPLE PREPARATION

Asreference standards, cannabinoid solutions (1 mg/ml
in MeOH, Sigma-Aldrich) were diluted in ethanol to
indicated concentrations. The sample was an ethanolic
extract from CBD rich cannabis. Before injection, the
extract sample was filtered with a PTFE filter (0.20 pum).

RESULTS

Sample preparation

Analysis of the cannabis extract showed thatthe several
unknown compounds such as phytochemicals eluted
after the cannabinoids (Fig. 2, blue chromatogram).
These late eluting compounds would make the SMB
process significantly longer, therefore a pre-preparative
chromatographic step was performed to purify the earlier
eluting cannabinoids in one fraction. The phytochemicals
eluting afterthe cannabinoid peak were removed from
the matrix (Fig. 1). The cannabinoid fraction (F1) was
collected from a separation run using 100 % ethanol
as solvent. This purification was repeated several times
to optain sufficient cannabinoid sample for the later
SMB process.
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Fig. 1 Preparative fractionation of the cannabinoid peak (F1); wavelenght:
228 nm measured with ES 11 100-10 C18 150 x 50 mm; 10 ml, 60 ml/min.

After the pre-preparative purification, the sample was
diluted by approx. 1:8 (Tab. 1). Pooled fractions of
several preparative runs were concentrated by half
of the volume using a rotary evaporator (97 mbar,
50°C). The samples were analysed using the previously
described acetonitrile method®. The chromatogram of
the analysis showed that after the preparative step, the
phytochemicals after the CBC peak were successfully
removed (Fig. 2). The measured concentrations of CBD,
CBC and A9-THC are shown in Tab. 1.
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Fig. 2 Overlay chromatograms of the individual cannabis samples. 1: CBD;
2: A9-THC; 3: CBC. blue: untreated sample; green: sample after preparative

purification; black: sample after evaporation.
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Tab.1 Concentrations of CBD, A9-THC and CBC in the different samples.

CSampIe CSampIe after prep CEvaporated by half
Substance (mg/ml) (mg/ml) (mg/ml)
CBD 35.92 4.31 8.34
A9-THC 1.19 0.14 0.26
CBC 3.29 0.39 0.80

The results from Tab. 1 show that the concentrations of
the sample afterthe evaporation step were approximately
twice as high as after the preparative step. Overall, the
removal of phytochemicals reduces elution and switching
time, thereby reducing cycle time and saving solvent.

Measurements for determination of SMB parameters
The special characteristic of the SMB process is that
several identical columns simulate one large column.
Therefore, all used columns mustideally show identical
separation behaviour. A set of nine columns was tested,
from which eight would be used in the SMB system
and the nineth for SMB parameter determination in an
analytical system. To test the uniformity, the separating
behaviour and performance of all columns, the retention
time and efficiency of a weak (CBD) and strong (CBC)
interacting substance with the stationary phase were
measured using an HPLC system. The mean value,
maximum and minimum of the retention times and
efficiencies for CBD and CBC were calculated (Tab. 2).

Tab.2 Retention time, efficiency and calculated maximum and minimum
values for CBD and CBC.

Column Retention time Efficiency Retentiontime Efficiency
Nr. CBD (min) CBD (t.p./m) CBC (min) CBC (t.p./m)
#1 4.357 4487 8.841 5076

#2 4.357 4438 8.851 4849

#3 4.390 4693 8.920 5166

#4 4.379 4519 8.909 5010

#5 4.343 4748 8.795 5245

#6 4.329 4563 8.753 5038

#7 4.316 4561 8.717 5063

#8 4.340 4664 8.761 5130

#9 4.323 4601 8.730 5079
Maximum 4.390 4748 8.920 5245
Minimum 4.316 4438 8.717 4849
Average 4.371 4534 8.880 5025

The Column #7 shows the most significant retention time
deviation. The deviation is 1.26 % for CBD and 1.84 %
for CBC. Based on the results, the columns #1, #2, #3,
#4, #5, #6, #8 and #9 were used for the SMB process.

After comparing the performance of the semi-preparative
columns, avolume overload study was performed with
the pre-purified cannabis sample to determine the
maximum column loading without loss of the linear
absorption behaviour (Fig. 3). Up to aninjection volume
of 100 pl the peaks showed a nearly linear absorption
behaviour. From the chromatograms of the measurement
with 20 pl injection volume, the retention times were
4.27 min for CBD and 7.32 min for A9-THC (Fig. 3).
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Fig. 3 Overload study in analytical scale. Sample: purified and evaporated
CBD-rich cannabis extract; injection volumes blue: 5 pl; red: 10 pl, black:
20 pl; green: 50 pl; yellow: 100 pl; wavelenght: 228 nm measured with ES Il
100-15 C18 250 x 8 mm; 4 ml/min.

In addition to the retention times of the raffinate and
extract, the tube delay time and void time of the semi-
preparative column are required to calculate the SMB
method parameters. For this purpose, measurements
were carried out with the dead time marker uracil (Fig.
4). The chromatograms showed a tube delay time
(without column) of 0.04 min and a void time (with
column) of 1.84 min.
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Fig. 4 Chromatograms with the dead time marker uracil (100 pg/mL);
wavelength: 228 nm measured with ES Il 100-15 C18 250 x 8 mm; 5 pl,

4 ml/min.

Establishment of SMB parameters

Using the retention times from the preliminary tests
(Tab. 3), the column dimension and the flow rate, the
SMB start parameters were determined using the SMB
calculator of the Purity MCC software. The analytes
to the stationary phase showed a linear adsorption

behaviorinthe volume overload study (Fig. 3), allowing
the application of the triangle theory. The results from
the calculator are shown in Fig. 5.

Tab.3 Retention times for the design of the SMB parameters.

Substance Retention time
CBD 4.27 min
A9-THC 7.32 min
Uracil without column (tube delay time) 0.04 min
Uracil with column (void time) 1.84 min

The Henry coefficients of the raffinate and extract
were determined using the column parameters and
the retention times of the CBD (extract) and A9-THC
(raffinate). The porosity of the stationary phase was
calculated from the tube delay and void time. The total
cylindrical volume of the column was calculated using
the column dimension. The tube and void volume were
also determined. The parameter ranges for the four
zones were determined by applying the triangle theory.
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Fig. 5 Screenshot of the Purity MCC - SMB calculator with the SMB start parameters and the separation triangle for linear isotherms.

4 © KNAUER Wissenschaftliche Gerate GmbH | version 2 12/2024 | VPH0082



Science with Passion

MIUKNALIEFI

Based on experience, the operating point was chosen
in the lower left corner of the triangle (Fig. 5, red dot).
Due to the impurities before the CBD peak (Fig. 3),
the m, value was chosen to be as small as possible
to ensure the regeneration of the mobile phase. To
ensure the regeneration of the stationary phase due to
the late eluting CBC peak (Fig. 3), the m,value was set
high to elongate the switching time. The flow rates for
each zone were calculated from the selection of the m
values. The flow rate of zone 1 was setto 4 ml/min by the
previous tests. The switch time of the SMB process was
calculated using the solid movement of the stationary
phase, the porosity and the column volume.

First SMB runs and method optimization
Forthefirst SMB run(method 1, MO1),the SMB parameters
defined in Fig. 5 were used as starting conditions.

An open loop set-up was used for the first runs. In this
configuration, the solvent is not recycled from zone 4
to zone 1 butdiverted into a waste outlet. The raffinate,
extractand waste stream were collected, either overone
switch or a whole cycle for analysis by analytical HPLC.
To evaluate the SMB process, the resulting samples were
analysed using a short process control method and for
quantification the previously described acetonitrile
method?. The process control method was run on a
column with a smallerinner diameter (ES 11 100-15 C18
250 x 4 mm), at T ml/min and 10 pl injection volume.
Fig. 6 (raffinate) and Fig. 7 (extract) show an overlay of
chromatograms ofthe sample measurements from the
initial 23 cycles (cycle 1 to 23). This method allowed a
fast evaluation of the separation results.
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Fig. 6 Chromatograms of the raffinate samples from the first 23 cycles. 1: - =
CBD. MO1; dark blue: cycle 1; red: cycle 2; black: cycle 3; green: cycle 4; -50 T T T 1
gold: cycle 5; light blue: cycle 6; turquoise: cycle 7; grey: cycle 8 to 21; 4 4.25 4.5 4.75 5
purple: cycle 22; brown: cycle 23; wavelenght: 228 nm measured with ES I Time (m|n)
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Fig. 7 Chromatograms of the extract samples from the first 23 cycles. 1:
CBD, 2: A9-THC, 3: CBC. MO1; dark blue: cycle 1; red: cycle 2; black: -10 T T T T T T 1
cycle 3; green: cycle 4; gold: cycle 5; light blue: cycle 6; turquoise: cycle 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5
7; grey: cycle 8 to 21; purple: cycle 22; brown: cycle 23; wavelenght: 228 Time (mln)

nm measured with ES Il 100-15 C18 250 x 4 mm; 10 pl; 1 ml/min.
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The concentration, recovery and purity of CBD in the
raffinate were determined in the first 23 cycles using the
acetonitrile method. The results are shown in Tab. 4.

Tab.4 The concentration, recovery and purity of CBD in the raffinate over

the first 23 cycles.

Method Cycle Crat, cao (Hg/ml)

Recoveryg,, cep (%) Purityg,, cap (%)

MO1 1
2 123.61 26.04 85.89
3 419.71 90.21 94.39
4 410.75 87.41 93.81
5 414.07 88.11 93.32
6 421.63 89.72 93.37
7 419.28 89.22 93.56
8to 21 420.99 89.84 93.66
22 418.45 88.15 93.53
23 422.14 88.92 94.07

The measurements showed that the concentration of
CBD in the raffinate increased with increasing number
of cycles. Between the third and fourth cycle, only
minimal deviations in the concentrations were observed.
Subsequently, the process was in a steady state after 3
to 4 cycles. In addition to the concentration, the recovery
and purity of the CBD also increased with increasing
cycle numbers.

Two UV detectors were installed in front of the extract
and raffinate outlets as an additional process control
tool. The UV signals can show if a process is running
stable orifit collapses. Also, it will show when a steady
state of the process is reached (Fig. 8 and Fig. 9).

el |‘|\|‘|||J\m,\f\'w|

2 WHWH }|fﬂ![i'1|4|lir W[J ’JH[WW'[“ J|{’|Hr

‘J.s MENG

\; i

A

Fig. 8 UV signal at the raffinate output over cycles 1 to 10. MO2.
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Fig. 9 UV signal at the extract output over cycles 1 to 10. MO2.

The UV signal at the raffinate and extract outlet
confirm the results in Tab. 4 and clearly showed that
the concentrations of cannabinoids in the outlets
increased with number of cycle. After cycle 3, the process
approached the steady state. From the third to the
fourth cycle, there were only minimal signal variations.

The chromatograms of the three outlets after 23 cycles
and the sample are shown in Fig. 10. The comparison
showed that CBD was only found in the raffinate as
desired and CBC together with A9-THC were found
in the extract.
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Fig. 10 Chromatograms of the three outlets for cycle 23 and the sample. 1:
CBD, 2: A9-THC, 3: CBC. MO1; black: sample; blue: raffinate; red: extract;
green: waste; wavelenght: 228 nm measured with ES Il 100-15 C18 250 x 4

mm; 10 pl; 1 ml/min.
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As expected, a dilution of the collected extract, raffinate
and waste was observed compared to the sample. The
recoveries for CBD, CBC and A9-THC in the respective
outlets for cycle 23 are shown in Tab. 5. A9-THC, CBC
and an unquantifiable amount of CBD were detectable
inthe extract. Asmallamount of CBD and CBC was also
found in the waste. The raffinate contained only CBD.

Tab.5 Recoveries for CBD, CBC and A9-THC in the different outlets for
cycle 23. *Qualifiable but not quantifiable. MO1.

Outlet Recoverycgp Recovery,gtyc Recovery g
Raffinate 89 % 0% 0%

Extract * 81 % 80 %

Waste 0.1% 0% 7%

The factthat CBC was found in the waste indicates that
the switching time was too shortto elute all late eluting
compounds from the columns before switching from
zone 1to zone 4. The columns with the CBC were moved
to zone 4, where the CBC was transported with the
flow into the waste. Therefore, the switching time was
increased from 8.51 min to 8.60 min (+ 0.09 min). The
flow rate in zone 2 was also raised from 2.202 ml/min to
2.250 ml/min (+ 0.048 ml/min) to transfer the remaining
CBD, which was quantifiable in the extract, into the
raffinate. Analysis of the outlets showed that the flow
was too low, the CBD was carried forward with the
columns. Cycles 24 to 43 were collected and analysed
to evaluate the parameter changes. The recoveries for
CBD, CBC and A9-THC in the different outlets after 43
cycles are shown in Tab. 6. The results showed that the
CBD was still separated from the substance mixture and
was found in the raffinate. No CBD was found in the
waste, but CBC was still present. CBD was also found
in the extract in an unquantifiable amount.

Tab.6 Recoveries for CBD, CBC and A9-THC in the different outlets for
cycle 43. *Qualifiable but not quantifiable. MO2.

Outlet Recoverycgp Recovery,g1yc Recovery g
Raffinate 90 % (+ 1 %) 0% 0%

Extract * 81 % 84 % (+ 4 %)
Waste 0% (-0.1%) 0% 3% (-4 %)

As the target substance was CBD, the contamination
by the CBC in the waste was not relevant and a small
loss of CBD to the extract was accepted. For this
reason, the next step was the change to the closed
loop configuration to recycle some of the eluent. By
working in closed loop, a part of the eluent (zone 4
flow) was continuously re-circulated to the system. The
recoveries for CBD, CBC and A9-THC in the outputs for
cycle 48 are shown in Tab. 7. The results showed that
CBD was still separated from the mixture and was found
in the raffinate. Furthermore, CBD could be found in
the extract in a now quantifiable amount.

Tab.7 Recoveries for CBD, CBC and A9-THC in the different outlets for
cycle 48. *Qualifiable but not quantifiable. MO3.

Outlet Recoverycgp Recovery,oruc Recoverycgc
Raffinate 89 % (-1 %) 0% *
Extract 0.8 % (+ 0.8 %) 80 % (-1 %) 84 %

In the next step, the feed flow was increased from
0.082 ml/minto 0.092 ml/min to enhance the productivity
ofthe process. The recoveries for CBD, CBC and A9-THC
in the outlets for cycle 65 are shown in Tab. 8.

Tab.8 Recoveries for CBD, CBC and A9-THC in the different outlets for
cycle 65. *Qualifiable but not quantifiable. MO4.

Outlet Recoverycgp Recovery,g1c Recoverycgc
Raffinate 87 % (-2 %) 0% 2% (+2%)
Extract 0.3%(-0.5%) 80 % (-1 %) 83% (-1 %)

A contamination of both outlets was observed therefore
the process was stopped at this point. Tab. 9 summarizes
the results for all four tested methods. CBD is the target
product, therefore only its recovery and purity were
determined.
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Tab.9 Results of the SMB process using different methods. *Qualifiable, but not quantifiable.

Crat Mg.¢ Ceu Cant Recoveryg,¢ Pras

MO Cycle Substance (ng/mL) (mg) (ng/mL) (ng/mL) (%) (%)
MO1 23 CBD 422.14 41.37 * 2.24 88.92 94.07

A9-THC 9.90

CBC 28.17 5.02

Impurities 5.93
MO2 43 CBD 407.68 42.40 * - 90.18 93.53

A9-THC 10.21

CBC 30.48 2.61

Impurities 6.47
MO3 48 CBD 409.00 41.72 2.94 - 88.73 93.05

A9-THC 1017

CBC * 30.67

Impurities 6.95
MO4 65 CBD 443.09 46.08 1.09 - 87.36 93.71

A9-THC 11.30

CBC 112 0.12 34.08 - - 0.38

Impurities 5.91

The bestresults interms of CBD recovery were achieved
with the method MO2. The comparison showed that
with the method MO2 the recovery of CBD was about
90 %. Approximately 42 mg of CBD was recovered from
the raffinate in each cycle with a purity of approximately
93 % using the method MO2. It should be noted that
the MO2 method is an open-loop method, in contrast
to the MO3 and MO4 methods, which allow eluent
recycling. The separation does not work as good
with MO3 and MO4 due to raffinate contamination
with CBC. However, if minimal raffinate contamination
were to be accepted, the MO4 method would be the
better choice.

The aim of a purification process is to keep the obtained
amountoftarget productas high as possible. Therefore,
two possibilities existed to optimize the process. The first
option was to increase the feed / sample flow and the
second option was to use a more concentrated sample.
As a higher sample flow resulted in contamination of
the raffinate (Tab. 8), a more concentrated sample was
used in the next experiments. To be able to work with
a more concentrated sample on the SMB, the extract

sample was evaporated again by half of its volume and
analysed using the acetonitrile method. The results
are shown in Tab. 10.

Tab.10 Concentrations of CBD, A9-THC and CBC in the different samples.

CSampIe CSampIe after prep C P by half C P by half Il
Substance (mg/ml) (mg/ml) (mg/ml) (mg/ml)
CBD 35.92 4.32 8.34 20.54
A9-THC 1.19 0.14 0.26 0.56
CBC 3.29 0.39 0.80 1.81

Based on the cannabinoid concentrations, after
the second evaporation step the sample was
concentrated twice as much as after the first
evaporation step. Accordingly, the new sample was
diluted approximately 1:2. For the subsequent SMB
process, the new sample and method MO2 was used.
The chromatograms of all outlets for cycle 15 and the
sample are shown in Fig. 11.
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Fig. 11 Chromatograms of the three outlets for cycle 15 and the higher con-
centrated sample. 1: CBC, 2: A9-THC, 3: CBC. MO2; black: sample; blue: raf-
finate; red: extract; green: waste; wavelenght: 228 nm measured with ES Il
100-15 C18 250 x 4 mm; 10 pl; 1 ml/min.

The recoveriesfor CBD, CBC and A9-THC in the different
outlets for cycle 15 are shown in Tab. 11. A9-THC, CBC
and CBD were detectable in the extract. A small amount

Tab.12 Results of the SMB process using method MO2.

of CBD and CBC was also found in the waste. In the
raffinate only CBD was found.

Tab.11 Recoveries for CBD, CBC and A9-THC in the different outlets for
cycle 15. MO2.

Outlet Recoverycgp Recovery,g1c Recoverycgc
Raffinate 80 % 0% 0%

Extract 0.20 % 84 % 79 %

Waste 0% 0% 3%

Tab. 12 summarizes the results for selected cycles. CBD
was the target product, so only its recovery and purity
were considered. The results show that with the method
MO?2 the recovery of CBD was about 80 %. With cycle
19, approximately 95 mg CBD was recovered from the
raffinate with a purity of about 93 %.

Chrat Mg.¢ Cere Ciaste Recoveryg,¢ Prat
Cycle Substance (pg/mL) (mg) (pg/mL) (pg/mL) (%) (%)
1 CBD 867.16 1159.39 1.85 - 76.69 92.37
2 A9-THC - 20.03 - - -
CBC - 59.34 490 - -
Impurities - - 7.63
15 CBD 907.98 92.61 1.91 - 79.64 93.14
- - 22.30 - - -
- - 67.21 5.17 - -
- - - 6.86
19 CBD 909.26 94.56 1.95 - 81.32 93.24
A9-THC - 22.45 - - -
CBC 66.46 6.45 - -
Impurities - - - - 6.76
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CONCLUSION

An ethanol - based simulated moving bed chromatography
method was developed to purify CBD from a CBD-
rich extract. The results showed that with the higher
concentrated sample, the yield could be doubled from
4210 95 mg per cycle with the same purity but 10 % lower
recovery. Subsequently, approximately 36 mg/h and
878 mg/d could be purified with the half-concentrated
extract sample (Cegp = 8.34 mg/ml). In comparison, about
83 mg/h and about 1997 mg/d could be purified with
the higher concentrated sample (Ccgp = 20.54 mg/ml).
The purity of the extract sample was increased from
77 % to 93 %. The results show how a SMB is used to
purify high purity target compound from a sample. The
shown method is an example and was targeted at one
cannabinoid the CBD. Depending on the target, the
method can be adapted to other target compounds from
different samples.

MATERIAL AND METHODS

Tab.13 Parameters pre-preparative method.

Parameter Value
Column ES11100-10 C18 150 x 50 mm
Flow rate 60 ml/min
Data rate 2 Hz

Time constant 500 ms
Temperature Ambient
Injection volume 10 ml
Wavelength 228 nm
Eluent EtOH
Isocratic 100 % EtOH
Time 20 min

Tab.14 Parameters analytical method - SMB method development.

Parameter Value

Column ES11100-15 C18 250 x 8 mm
Flow rate 4 ml/min

Data rate 10 Hz

Temperature 25°C

Injection volume 20 pl

Wavelength 228 nm

Eluent A: H,O B: EtOH

Isocratic 20 % H,0 80 % EtOH

Time 15 min

Tab.15 Parameters process control method SMB process.

Parameter Value

Column ES11100-15 C18 250 x 4 mm
Flow rate 1 ml/min

Data rate 10 Hz

Temperature 25°C

Injection volume 10 pl

Wavelength 228 nm

Eluent A: H,O B: EtOH

Isocratic 20 % H,O 80 % EtOH

Time 15 min

Tab.16 Methods for the SMB process; MO - method.

Parameter MO1 MO2 MO3 MO4
Zone 1 Pump  4.000 4.000 4.000 4.000
ml/min ml/min ml/min ml/min
Zone 2 Pump  2.202 2.250 2.250 2.250
ml/min ml/min ml/min ml/min
Feed Pump 0.082 0.082 0.082 0.092
ml/min ml/min ml/min ml/min
Zone 4 Pump  0.850 0.850 ml/ 0.850 ml/ 0.850 ml/
ml/min min min min
Switching time  8.51 min 8.60 min 8.60 min 8.60 min
Cycle time 68.08 min 68.80 min 68.80 min 68.80 min
Loop Open Loop Openloop Closed Closed
Loop Loop
Mobile phase  EtOH:H,O  EtOH:H,O EtOH:H,O0  EtOH:H,O
80:20 80:20 80:20 80:20
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Tab.17 System configuration preparative HPLC system. Tab.18 System configuration SMB.

Instrument Description Article No.

Detector AZURA MWD 2.1L ADBO1 Instrument Description Article No.
Flow cell Semi-preparative UV flow cell, 3mm  A4044 Lab SMB AZURA Lab SMB, sst, Stainless steel A29101

zone pumps up to 30 ml/min

th length, 1/16" fib ti i
path length, 1/16" fiber optics version, stainless steel feed pump up to

2 plvolume, 300 bar, sst

4 ml/min
Pump A AZURA P 2.1L; 500 ml pump head; sst  APE20MA Flowmeter 4 x CORI-Flow M13 A29800
Pump B AZURAP 21L; 500 ml pump head; sst APE20MA Detector 2 x Variable single wavelength UV ADAO05
Injection valve 2-position valve, 6 ports, sst, 1/16" AVD26AE detector with fiber optics connectors,

without flow cell
Valve drive Valve drive for valves V 4.1 AWAO01
(Injection valve) Flow cell 2 x Semi-preparative UV Flow cell, A4044

- . 3 mm path length, 1/16" fiber optics
Fraction-Waste- Multiposition valve, 8 ports; AVS35AH version, 2 ul volume, 300 bar, sst
Valve break-free rotor seal, sst, 1/16"
Column 8 x Eurospher 11 100-15C18 250 x 8 mm -
Valve drive (Fracti- Valve drive for valvesV 4.1 AWAO01
on-Waste-Valve) Capillary 1/16",0.70 mm, sst A0133
Eluenttray AZURAE2.1L AZC00 Software PurityChrom® MCC Plus A2657
Column ES 11100-10 C18 150 x 50 mm 150E181E2N
Capillary 1/16",0.70 mm, sst A0133
1/8",2.00 mm, PEEK A2542

Software PurityChrom® 6 A2681

TR T

Fig. 12 System setup preparative HPLC system; left: Column holder with co- Fig. 13 System setup SMB; left: Detectors, flow meter; middle from top to
lumn, eluent bottle for fraction collection, valve drive with fraction waste valve; bottom: Eluent tray with bottles, assistant 1 with manual valve, assistant 2 with
middle from top to bottom: detector, pump A with flow cell, pump B with valve measuring cell, manual valve and column holder, assistant 3 with measuring
drive and injection valve; right: eluent tray with bottles. cell and manual valve, assistant 4; right: flow meters.
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https://store.knauer.net/shop/adb01-azura-r-mwd-2-1l-multiwavelength-detector-62918
https://store.knauer.net/shop/a4044-uv-flow-cell-semi-preparative-fiber-optics-3-mm-2-ul-sst-1-16-300-bar-up-to-50-ml-min-50044
https://store.knauer.net/shop/ape20ma-azura-r-p-2-1l-pump-stainless-steel-500-ml-min-63112
https://store.knauer.net/shop/ape20ma-azura-r-p-2-1l-pump-stainless-steel-500-ml-min-63112
https://store.knauer.net/shop/avd26ae-azura-r-v-4-1-valve-6port-2pos-w-o-drive-500-bar-1-16-10-32-unf-0-75-mm-bore-sst-dlc-peek-63322
https://store.knauer.net/shop/awa01xa-azura-r-vu-4-1-valve-unifier-valve-drive-for-v-4-1-valves-63371
https://store.knauer.net/shop/avs35ah-azura-r-v-4-1-valve-8port-multipos-w-o-drive-patented-break-free-rotor-seal-300-bar-1-16-10-32-unf-0-75-mm-bore-sst-dlc-peek-63353
https://store.knauer.net/shop/awa01xa-azura-r-vu-4-1-valve-unifier-valve-drive-for-v-4-1-valves-63371
https://store.knauer.net/shop/azc00-azura-r-eluent-tray-e-2-1l-63760
https://store.knauer.net/shop/15ee181e2j-eurospher-ii-100-5-c18-column-150-x-4-6-mm-45946#attr=1771,1772,1773,2552,1774,1775,1776,1777,1778,1779,1780,1781,1782,1783,1784,1785,1786,1787
https://store.knauer.net/shop/a2681-puritychrom-6-full-49816
https://store.knauer.net/shop/ada05-azura-r-uvd-2-1s-uv-detector-fiber-optics-version-62915
https://store.knauer.net/shop/a4044-uv-flow-cell-semi-preparative-fiber-optics-3-mm-2-ul-sst-1-16-300-bar-up-to-50-ml-min-50044

Development of an SMB process for the

purification of CBD from a CBD-rich cannabis
extract
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